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Abstract 

Background: Obesity has become a global challenge for public health. It has been reported that obesity is associated with 
chronic inflammation. However, the mechanism for the chronic inflammation contributes to obesity remains elusive. 

Methodology/Principal Findings: In our study, we found a novel CD1 1c + dendritic cell subset existed in murine adipose 
tissues which was immature phenotype. Moreover, as compared to the lean controls, the number of CD11c + DCs and 
CD4 + IL-17 + T cells were higher in adipose tissue of high fat diet (HFD) mice. Adipose tissues derived dendritic cells (ATDCs) 
displayed lower levels of CD40, CD80, CD86, MHCI and MHCII expression than splenic DCs (SPDCs). However, ATDCs showed 
higher levels of IL-6, TGF-fi and IL-23 secretion. Moreover, our in vitro experiments demonstrated that ATDCs were capable 
of promoting Th17 cell generation. 

Conclusions/Significance: Our results indicate the existence of CD1 1 c + DCs in adipose tissues, which displays an immature 
phenotype but possessing pro-inflammatory function. 
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Introduction 

In recent years, obesity has become a global challenge for public 
health since its associated metabolic abnormalities such as insulin 
resistance, high blood pressure and hyperglycemia are involved in 
the pathogenesis of type 2 diabetes and cardiovascular diseases [1- 
4]. There is increasing evidence indicating that obesity is closely 
related to chronic inflammation with obese adipose tissue showing 
some hallmarks of chronic inflammation [5,6]; Nishimura and 
other authors found that large numbers of CD8 + effector T cells 
and macrophages infiltrated into high fat diet (HFD) mice adipose 
tissues, whereas the numbers of regulatory and CD4 + helper T 
cells were diminished [5-8]. Further, adipose tissues can secrete a 
large number of bioactive substances or adipocytokines, such as 
adiponectin, leptin and other pro-inflammatory cytokines as 
MCP-1, SDF-lot and IFN-y. Thus, the unbalanced production 
of anti- or pro-inflammatory cytokines may be involved in the 
inflammatory process [7,9—12]. However, the exact relationship 
between obesity and obese adipose tissue inflammation has 
remained partially understood. 



CD 11c, a member of the R 2 ~ integrins, has been used as an 
activation marker for monocytes/macrophages [13]. Furthermore, 
CD 11c is also expressed on mouse DCs and a subpopulation of 
mouse monocytes/macrophages [14]. Initial studies have reported 
that the number of CD 11c cells is significantly increased in 
obesity mice adipose tissues [15,16], However, little is known 
about the sequence of events that lead to the infiltration of CD1 lc 
cells, and it has been unclear about CDllc + cell type and the 
functional role in adipose tissue inflammation. Recently, accumu- 
lation of other immune pro-inflammatory mediators, such as IL- 
17, has been documented in adipose tissue and peripheral blood in 
diet- induced obesity when compared with lean controls [17,18]. It 
has been reported that when co-cultured with T cells, DCs can 
induce the production of IFN-y, IL-2 and, in particular, IL-17, 
suggesting a Thl/Thl7 response [19,20]. T lymphocytes are 
known to interact with DCs and regulate the inflammatory 
cascade [21]. Therefore, we assume that there might be a link 
between adipose tissue dendritic cells (ATDCs) and obesity 
adipose tissue inflammation. 
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In this study, we first detected increased number of ATDCs with 
an immature phenotype in HFD mice adipose tissues. Moreover, 
we also found that the immature ATDCs expressed higher levels of 
IL-6, TGF-P and IL-23, resulting in the enhancement of Till 7 
cells response, and then prompt diet-induced obesity adipose tissue 
inflammation. 

Results 

Increased number of ATDCs existed in obesity adipose 
tissues 

Using flow cytometry (FCM) analysis, CDllc + cells were 
examined in HFD and normal diet (ND) mice adipose tissues. 
As shown in Fig. 1A, the frequency of CD1 lc + cells were found 
significandy higher in HFD mice adipose tissues than in lean 
controls. As revealed by transmission electron microscopy, these 
CD 1 1 c + cells had long dendrites, eccentric nuclei and rare 
lysosomes in cytoplasm, showing morphological features similar to 
conventional DCs (Fig. IB). Furthermore, similar to spleen derived 
DCs (SPDCs), CDllc + cells were negative for CD3, B220 
(Fig. 1C). It is well-known that macrophages have stronger 
phagocytosis ability and express higher levels of F4/80 than 
dendritic cells, phagocytosis assay and FCM analysis indicated that 
the CDllc + cell type that infiltrated into adipose tissues were 
dendritic cells rather than macrophages (Fig. ID and E). 
Collectively, these data demonstrated that the CDllc + cell type 
infiltrated into adipose tissues is ATDCs rather than macrophages 
and that more ATDCs were presented in obesity adipose tissues 
than lean control. 

ATDCs infiltrated into adipose tissues are immature DCs 

To characterize the phenotype of DCs that infiltrated into the 
adipose tissue, FCM analysis was used to examine ATDCs in HFD 
and ND mice. The ATDCs isolated from HFD and ND mice 
expressed lower levels of CD40, CD80, CD86, MHCI and 
MHCII than those in SPDCs (Fig. 2A); In addition, the 
phagocytosis assay showed that ATDCs had more potent 
phagocytic capacity than SPDCs (Fig. ID). All together, the 
results showed that ATDCs had characteristics of immature DCs. 
As known, LPS has been implicated in the maturation of 
immature DCs. In Figure 2B and C, the high doses (100 ng/ml) 
of LPS could not affect low expression of CD40, CD80, CD86, 
MHCI and MHCII and the phagocytosis ability of ATDCs, 
indicating that ATDCs had a relatively stable phenotype with or 
without LPS stimulation. Thus, these findings suggest that ATDCs 
are immature ones and have relatively stable phenotype. 

ATDCs express higher levels of IL-6, TGF-p and IL-23 than 
SPDCs 

To investigate the potential function of ATDCs, the CDllc + 
ATDCs and SPDCs were isolated by micro-beads and cultured 
them with PMA and ionomycin at 37°C for 4 hours and then the 
cytokines production were measured by quantitative real-time 
PGR (qRT-PCR). As shown in figure 3, we found an increase in 
the mRNA levels of both IL-6 (Fig. 3 A) and TGF-P (Fig. 3B) of 
HFD mice ATDCs than SPDCs. In addition, other cytokines such 
as IL-23pl9, IL-12p40 and IL-12p35 mRNA levels were also 
measured in ATDCs and SPDCs, and found that the ATDCs 
expressed higher levels of IL-23pl9 (Fig. 3C), and IL-12p40 
(Fig. 3D) mRNA than SPDCs. Surprisingly, the IL-12p35 (Fig. 3E) 
mRNA in the ATDCs was hardly to be found. As IL-6 and IL-23 
are the important IL-1 7-inducing cytokines, these findings 
suggested that ATDCs can lead to some pro-inflammatory 
mediators such as Thl7 cells trafficking into adipose tissue in 



HFD mice. The supernatant was also collected to measure IL-6 
and IL-23 by ELISA. As indicated in Fig. 3G and F and in 
agreement with our previous results, ATDCs expressed higher 
levels of IL-6 and IL-23 than SPDCs. 

Higher level of pro-inflammatory mediator Th1 7 cells was 
existed in obesity adipose tissues 

Previous studies have shown that obesity is linked not only to 
diabetes and heart diseases [22], but also to the increased 
incidence of inflammatory diseases such as multiple sclerosis in 
human [23], psoriasis [24] and experimental autoimmune 
encephalomyelitis in mice [25]. It is evident that, obesity is 
associated with a state of low-grade chronic inflammation [26], 
there are also some studies reported that the pro-inflammatory 
cytokine, IL-1 7, is expressed in higher level in HFD mice adipose 
tissues than ND mice [18]. In our study, to investigate whether 
diet-induced obesity can attract more CD4 + IL-17 + T cells into 
adipose tissues, the CD4 + T cells from HFD and ND adipose 
tissues were isolated by micro-beads and cultured them with PMA 
and ionomycin at 37°C for 4 hours. To our delight, both CD4 + IL- 
1 7 + T cells (Fig. 4A) and its specific transcription factor RORyt 
(Fig. 4B) showed higher levels of HFD mice adipose tissues than 
ND mice. Along with previous study, our work also demonstrated 
diet- induced obesity can attract more Thl7 cells into adipose 
tissue which can prompt obesity adipose tissue inflammation. 

ATDCs promote the adipose tissue inflammation by 
enhancement of Th17 cells response 

From the above data, we assume that there may be a link 
between ATDCs and obesity adipose tissue inflammation which 
caused by Th 1 7 cells and then analyzed the cellular interplay by 
which inflammation develops in HFD mice adipose tissues. 
Noticeably, IL-6, TGF-P and IL-23 can induce distinct immune 
responses by prompting Till 7 cell differentiation. From our 
previous study, we found that ATDCs can express higher levels of 
IL-6, TGF-P, IL-23 (Fig. 3). Therefore, we hypothesized that 
ATDCs can promote the differentiation of Thl7 cells from 
CD4 + T cells. To test this hypothesis, we co-cultured splenetic 
CD4 + T cells with ATDCs or SPDCs to determine whether the 
ATDCs can prompt the Till 7 cells response. Results clearly 
indicates that, when co-cultured with ATDCs, the percentage of 
CD4 + IL-17 + T cells were significantly increased than with SPDCs, 
and the Till 7 cell numbers were also higher when co-cultured 
with ATDCs than SPDCs (Fig. 5A and B). The supernatant was 
also collected to measure IL-1 7 by ELISA (Fig. 5C). Our results 
also clearly show that, the percentage of Th 1 7 cells and the Th 1 7 
cell numbers can be decreased by anti-IL-6 and/or anti-IL-23 
antibodies in this co-culture system. Taken together, our results 
support that ATDCs can prompt the enhancement of Thl7 cells 
response. 

HFD mice adipose tissues can express higher level of 
ATDCs chemo-attractant CCL20 

To assess why adipose tissue attracted ATDCs, the ATDCs 
gene expression was analyzed. As expected, strong positive signals 
of CCR6 (Fig. 6A) were detected. Notably, the chemo-attractant 
CCL20 receptor is CCR6, and to further characterize the ATDCs 
chemo-attractant CCL20, real-time PCR analysis were performed 
on HFD and ND mice adipose tissues. The level of CCL20 
transcripts of HFD mice adipose tissues is higher than ND mice 
adipose tissues (Fig. 6B). However, we did not find other chemo- 
attractants such as MIP-1 and IL-8 higher compared to lean 
controls (Fig. 6C and D). 
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Figure 1 . There are more DCs in HFD mice AT than ND mice AT. (A) CD1 1 c + DCs expression in HFD mice AT. CD1 1 c + DCs in HFD mice AT were 
analyzed using flow cytometry. And proportions of CD1 1 c + DC in the AT of HFD mice (n = 6) and ND mice (n = 6). (B) Morphology of DC-like cells in 
HFD mice AT under transmission electron microscope. (C) The CD11c + DCs in HFD mice AT were negative for CD3 and B220. Open histograms 
indicate isotype control, numbers in histograms represent the geometric mean fluorescence. (D, E) The CD1 1 c + DCs in HFD mice AT are different from 
macrophages. (D) The phagocytosis ability of ATDCs and macrophages assessed by incubating with HcRed-expressed E.coli at 37°C for 4 hours. 
Numbers in histograms represent the geometric mean fluorescence. (E) The CD1 1 c + DCs and macrophages from HFD mice spleen or adipose tissues 
were stained with specific mAb against F4/80, cells were gated on the CD1 1 c + population, and numbers in histograms represent the geometric mean 
fluorescence of the gated cells. All data are shown as the mean ± SD of 6 samples pooled from three independent experiments. Student's t-test was 
used for the statistical analysis. ***p<0.001. 
doi:1 0.1 371 /journal.pone.0092450.g001 



Discussion 

Over the past several decades, type 2 diabetes and other 
metabolic syndrome have increased at an alarming rate and 
obesity increases the risk for type 2 diabetes and other metabolic 
syndrome such as cardiovascular diseases [27-30]. Recently, it has 
been reported that large numbers of CD8 + effector T cells and 
pro-inflammatory macrophages infiltrated into HFD mice adipose 
tissues, whereas the numbers of regulatory and CD4 + helper T 
cells were diminished [5-8]. That means obese adipose tissues 
shows some typical symptoms of chronic inflammation, leading to 
systemic insulin resistance and type 2 diabetes and other 
cardiovascular diseases [8]. So it is very important to reveal the 
mechanism of obese adipose tissue inflammation. 

To date, there is no evidence can explain the relationship 
between obesity and adipose tissue chronic inflammation. Wu and 
his partners found that the expression of CD1 lc + cells is higher in 
HFD mice adipose tissues than ND mice, but they didn't 
demonstrate the phenotype and function of the CD 1 1 c + cells. 
There were also some other groups indicated that HFD mice 
adipose tissues express higher level of IL-17 [18], but unfortu- 
nately, they didn't show clearly where the IL- 1 7 comes from. More 
important, we report, for the first time to our knowledge, there 
may be a link between CDllc + DCs and obese adipose tissue 
inflammation which caused by Thl7 cells. 



In this study, we confirmed that the CD 1 1 c + dendritic cells 
phenotype, which was F4/80 low, was increased in the adipose 
tissues of HFD mice than ND mice, we also report herein our 
novel finding that in HFD mice adipose tissues, the infiltrated 
ATDCs were immature ones, obtaining stronger phagocytosis 
ability and still have stable phenotype with or without LPS 
stimulation, and another innovative finding was that the ATDCs 
can prompt the Th 1 7 cells response as ATDCs express higher 
levels of IL-6, TGF-fj and IL-23. Meanwhile the CD4 + T cells were 
isolated from HFD and ND mice adipose tissues, and the CD4 + IL- 
17 + T cells were also increased in HFD mice adipose tissues 
compared with ND mice. Along with previous studies that obesity 
is associated with chronic low-grade inflammation, as demon- 
strated by increased levels of pro-inflammatory mediators such as 
Thl7 cells [26]. 

With the increased levels of CD8 + T cells and macrophages, we 
found there was an increased level of CDllc + DCs in adipose 
tissues of HFD mice than ND mice. Besides, factor(s) in adipose 
microenvironment which can attract the immature ATDCs into 
adipose tissues needs to be further studies. One factor worth 
mentioning may be special antigen stimulation, as suggested by 
their unusual high state of activation and the imprint of anti- 
genetic selection of obesity ATDCs. Depending on such special 
antigen(s), they could stimulate circulating DCs, making them to 
exit the lymph nodes or spleens and invade the re-stimulated 
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Figure 2. The new and special phenotype of DC cells in AT of ND and HFD mice. (A) The DCs that infiltrated into AT are immature DCs. 
Multicolor FCM analyses were performed on single cell suspensions that were stained with specific mAb against FITC-CD11c and PE-CD40, CD80, 
CD86 MHCI and MHCII, cells were gated on the CD1 1 c population. Numbers in histograms represent the geometric mean fluorescence of the gated 
cells. Open histograms indicate isotype control. (B) The ATDCs of HFD mice have the relatively stable phenotype with or without LPS stimulation. The 
ATDCs were incubated with or without LPS (100 ng/ml) stimulation at 37°C for 12 hours and stained with specific mAb against FITC-CD11c and PE- 
CD40, CD80, CD86, MHCI and MHCII. Numbers in histograms represent the geometric mean fluorescence of the gated CD1 1c cells. (C) The ATDCs of 
HFD mice have the relatively phagocytosis ability with or without LPS stimulation. The ATDCs were incubated with or without LPS stimulation and 
HcRed-expressed E.coli at 37°C for 4 hours. Data are representative of three independent experiments. 
doi:1 0.1 371 /journal.pone.0092450.g002 



ATDCs filtering through obesity adipose tissues and thereby 
prompting adipose tissue inflammation. A second factor is almost 
certainly chemokines, given the unique pattern of chemokine- 
chemokine receptor gene expression by the ATDCs isolated from 
adipose tissues. In our work, we found that HFD mice adipose 
tissues can express higher level of CCL20 than ND mice adipose 
tissues and the CCL20 receptor CCR6 is also expressed in 
ATDCs; However,we did not find other chemokines express in 
higher levels in HFD mice adipose tissues than in ND mice. 
Finally, in HFD mice adipose microenvironment, there may be a 
role for adipokines in nurturing ATDCs. Adipose tissue is a 
paracrine and endocrine organ that can secrete a large number of 
bioactive substances or adipocytokines such as adiponectin, leptin, 
MCP-1 and so on. For instance, a recent study reported the 
negative effect of leptin on the proliferation of Treg cells [31]. 
Similar to the relationship between the Treg cells and leptin, there 
may be other factor(s) that can also maintain ATDCs in obesity 
adipose tissues. 

IL-17, produced by not only CD4 + Thl7 lymphocytes but also 
CD8 + T cells, yST cells, NK cells and monocytes, is a potent pro- 
inflammatory mediator. We and others [18,32-36] have demon- 
strated that obesity is associated with increased inflammation and 
thus, obesity inflammation maybe homeostatic inflammation. 
Meanwhile, we wondered what function of ATDCs performing 
in obesity adipose tissue. Therefore, we first identify that there is a 
link between ATDCs and obesity adipose tissue inflammation 
which is caused by pro-inflammatory mediator Thl7 cells. 
ATDCs express higher levels of IL-6, TGF-fS, IL-23 that are 
essential cytokines for Thl7 cells proliferation or differentiation, 



giving us a new explanation for obesity adipose tissue inflamma- 
tion that is caused by Thl7 cells. As known, IL-6 and IL-23 are 
important cytokines for Till 7 cell proliferation. Our data 
demonstrated that the differentiation of Thl7 cells was almost 
inhibited by neutralization of IL-23. In contrast, anti-IL-6 
antibody did not inhibit the differentiation of Th 1 7 cells 
thoroughly than anti-IL-23 antibody did. When analyzed together, 
these data indicate that IL-23 plays more important role in 
enhancing synthesis of IL-17. 

In summary, our observation implicate the immature ATDCs as 
an important cell type whose production is increased in obesity 
adipose tissue than lean controls and the increased ATDCs could 
promote the production of pro-inflammatory Till 7 cells which in 
turn plays a prominent role in obesity adipose tissue inflammation 
and also opens new avenues in the investigation of the potential 
connection between ATDCs, obesity adipose tissue inflammation, 
Till 7 cell type, type 2 diabetes and cardiovascular diseases. 

Materials and Methods 

Mice 

The male C57BL/6 mice (4 weeks age) were obtained and 
cared followed institutional guidelines under a protocol approved 
by Yangzhou University. To examine the time-course of changes 
of the cell populations in epididymal adipose tissues of diet- 
induced obesity, the mice were divided into two groups and fed a 
normal low fat chow diet (NF; 10% kcal from lard) or a high-fat 
diet (HF; 60% kcal from lard). All mice were allowed free access to 
water and food. After 18-22 weeks, the adipose tissues were 
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Figure 3. The ATDCs expressed higher levels of IL-6, TGF-p and IL-23 than SPDCs. The ATDCs and SPDCs of HFD mice were isolated by 
microbeads method, and then incubated them with PMA and ionomycin at 37°C for 4 hours. mRNA levels of IL-6, TGF-p, IL-23p19, IL-1 2p40 and IL- 
12p35 in the ATDCs and SPDCs were examined by qRT-PCR method. The concentration of IL-6, IL-23 in the supernatant were examined by ELISA 
method. Data are presented as mean ± SD of 6 samples pooled from three independent experiments. Student's t-test was used for the statistical 
analysis. **p<0.01, *p<0.05. 
doi:1 0.1 371 /journal.pone.0092450.g003 



removed and minced it into small pieces (~2 mm) and then 
incubated them at 37°C for about 2 hours in collagenase II 
(Sigma-Aldrich, St. Louis, MO)) with gentle stirring. All animal 
experiments performed in this study were approved by the Jiangsu 
University Animal Ethics and Experimentation Committee. 



Cell isolation and purification 

Adipose tissues of HFD or ND mice were minced and then 
digested with collagenasell for 1-2 h at 37°G and then ATDCs 
and SPDCs were isolated from obesity adipose tissues and spleen. 
ATDCs or SPDCs were purified by biotin-conjugated anti-mouse 
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Figure 4. Higher level of Th17 cells were existed in obesity adipose tissues. (A) The CD4 + T cells of HFD and ND mice AT were isolated by 
microbeads method and then incubated them with PMA and ionomycin at 37°C for 4 hours. mRNA levels of IL-1 7 in the HFD and ND mice AT were 
examined by qRT-PCR method. (B) mRNA levels of RORyt in the HFD and ND mice AT were examined by qRT-PCR method. Data are presented as 
mean ± SD of 3 samples pooled from three independent experiments. Student's t-test was used for the statistical analysis. **p<0.01, *p<0.05. 
doi:1 0.1 371 /journal.pone.0092450.g004 
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Figure 5. Interplay between ATDCs and CD4 + T cells. (A,B) 2 x10 s ATDCs or SPDCs were isolated from HFD mice AT and SP by microbeads 
method and co-cultured them with 1 x10 6 CD4^T cells that isolated from 6-8 weeks old male C57BL/6 mice for 7 days. The single cell suspensions of 
the co-culture system which was in the presence or absence of anti-IL-6, anti-IL-23 or isotype IgG were stained with specific mAb against FITC-CD4 
and PE-IL-1 7. And the multicolor FCM analyses were performed on the single cell suspensions. (C) The concentration of IL-1 7 in the supernatant were 
examined by ELISA method. Data are presented as mean ± SD of 3 samples pooled from three independent experiments. Student's t-test was used 
for the statistical analysis. **p<0.01, *p<0.05. 
doi:1 0.1 371 /journal.pone.0092450.g005 



CD 1 1 c monoclonal Ab (mAb) and anti-biotin micro-beads 
(Miltenyi Biotec GmbH, Bergisch Gladbach, Germany), according 
to the manufacturer's instructions. Cell viability was more than 
95%. 

RNA isolation and real-time RT-PCR 

To determine gene expression, total RNA was isolated not only 
from adipose tissues of ND or HFD mice aged 18-22 weeks but 
also from ATDCs or SPDCs isolated by biotin-conjugated anti- 
mouse CD1 lc monoclonal Ab (mAb) and anti-biotin micro-beads. 
Using the TRIzol (Invitrogen, Carlsbad, CA) isolated according to 
the manufacturers' instructions. To generate cDNA, isolated RNA 
was eluted in RNase free water and used as the template for 
reverse transcription. ReverTra Ace qPCR RT Kit (Toyobo, 
Osaka, Japan) was used to prepare cDNA according to the 
manufacturers' instructions. Real-time PCR was performed in 
duplicate using Bio-Rad SYBR green super mix (Bio-Rad, 



Hercules, CA). The sequences for the primers used are: CCL20, 
sense, 5-CGA CTG TTG CCT CTC GTA CAT-3; anti-sense, 5- 
AGC CCT TTT CAC CCA GTT CT-3, IL-8, sense, 5-GAA 
GTG GCA GAA GCT AAC CG-3; anti-sense, 5-GCT GGG 
ATT CAC CTC AAG AA-3, MIP-1, sense, 5-TCC CAC TTC 
CTG CTG TTT CTC-3; anti-sense, 5-TGC CTC TTT TGG 
TCA GGA ATA C-3, IL-12pl9, sense, 5-GCT TGC AAA GGA 
TCC ACC-3; anti-sense, 5-CCA GTA GGG AGG CTA GAA G- 
3, IL-23p35, sense, 5-TGA CAT GGT GAA GAC GGC-3; anti- 
sense, 5-GCC TGG AAC TCT GTC TGG TA-3, IL-1 7, sense, 5- 
GGA CTC TCC ACC GCA ATG-3; anti-sense, 5-CAC ACC 
CAC CAG CAT CTT C-3, IL-6, sense, 5- GGC CTT CCC TAC 
TTC ACA AG-3; anti-sense, 5-ATT TCC ACG ATT TCC CAG 
AG-3, TGF-P, sense, 5-AAC CGG CCC TTC CTG CTC CTC 
AT-3; anti-sense, 5-CGC CCG GGT TGT GTT GGT TGT 
AGA-3, IL-12p40, sense, 5- CAC AAA GGA GGC GAG ACT C- 
3; anti-sense, 5- AGT CAG GGG AAC TGC TAC TG-3, CCR6, 
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Figure 6. HFD mice AT expresses higher levers of ATDCs chemo-attractant CCL20 than ND mice. (A) mRNA levels of CCR6 were 
determined by RT-PCR method. mRNA levels of CCL20(B), MIP-1(C) and IL-8(D) were determined by qRT- PCR method on HFD mice AT and ND mice 
AT relative to p-actin. Data are presented as mean ± SD of 5 samples pooled from three independent experiments. Student's t-test was used for the 
statistical analysis. *p<0.05, N.S no significance. 
doi:1 0.1 371 /journal.pone.0092450.g006 



sense, 5- GAG TCC TAC TTT GGA ACG GAT G-3; anti-sense, 
5-GGT AGG GTG AGG ACA AAG AGT ATG-3, RORyt, 
sense, 5-CCA CCA TAT TCC AAT ACC TT-3; anti-sense, 5- 
GCT GTC TGG ACC CTG TTC T-3. Each gene was amplified 
at least three times and cDNA concentration differences were 
normalized to P-actin with the following primers: sense, 5-TGG 
AAT CCT GTG GCA TCC ATG AAA C-3; anti-sense, 5-TAA 
AAC GCA GCT CAG TAA CAG TCC G-3. 

Flow cytometric analysis 

The C57BL/6 mice at the age of 18-22 weeks were killed and 
removed the epididymal adipose tissues and minced it into small 
pieces (~2 mm). Then the pieces of adipose tissues were collected 
and incubated them at 37°C for about 2 hours in collagenase II 
with gende stirring. The digested tissues were centrifuged at 500 g 
for 5 min. The resultant pellet containing the total lymphocytes 
were re-suspended in PBS and filtered it through a 100 M mesh, 
and we finally re-suspended them in 100 |0.1 PBS supplemented 
with 5% FBS. All these cells were incubated with FITC-CDllc, 
PE-CD40, CD80, CD86, MHCI, MHCII (eBioscience, San 
Diego, CA) conjugated antibodies or respective isotype controls 
for 30 min at 4°C. All the staining was performed according to 
manufacturers' protocol. Flow cytometry was performed using 
FACS Calibur instrument (Becton Dickinson) and WinMDI 2.8 
software was used to analyze the data. 



Enzyme-linked immunosorbent assay 

The ATDCs and SPDCs were isolated from HFD mice by 
biotin-conjugated anti-mouse CD 11c monoclonal Ab (mAb) and 
anti-biotin micro- beads. 0.5xl0 b DCs per ml were incubated in 
medium supplemented with ionomycin and PMA. After 4 hours 
incubation, cells were harvested for determination of levels of IL-6, 
TGF-P, IL-23 and IL-12 by quantitative real-time PCR (qRT- 
PCR). The supernatant was collected for determination of levels of 
IL-6 and IL-23 by ELISA according to the protocols provided by 
the manufactures. 

Cells co-culture assays in vitro 

CD4 + T cells were isolated from wild-type 6-8 week-old C57BL/ 
6 mice spleen by biotin-conjugated anti-mouse CD4 monoclonal 
Ab (mAb) and anti-biotin micro-beads. ATDCs and SPDCs were 
also isolated from HFD 18-22 week-old C57BL/6 mice adipose 
tissue and spleen. In the 24-well plates, lxlO 1 CD4 + T cells per 
well containing RPMI 1640 medium with 20% FBS, 1% 
penicillin/streptomycin were co-cultured with 2xl0 5 ATDCs or 
SPDCs for 7 days, after which the cells were harvested for 
determination of the CD4 + IL- 1 7 + T cell differentiation. The cells 
were stained with FITC-CD4, PE-IL-17 (eBioscience, San Diego, 
CA) conjugated antibodies or isotype controls. The supernatant 
was also collected for determination of levels of IL- 1 7 by ELISA as 
previously described. Before co-culture, 5 u.g/ml anti-CD3 is 
incubated overnight at 4°C. 
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Statistics 

Results are given as the mean ± SD. A 2-sided student t test was 
used to analyze the data. SPSS 1 1.5 software was used to perform 
all analysis. Differences were described as significant at a P value 
less than 0.05. 

Acknowledgments 

The authors thank Dr Haiyan You for technical assistance. 



Author Contributions 

Conceived and designed the experiments: SW YC J. Tian. Performed the 
experiments: YC J. Tian X. Tian X. Tang KR. Analyzed the data: CYJ. 
Tian LL HX SW. Contributed reagents/materials/analysis tools: J. Tong 
X. Tian. Wrote the paper: CYJ. Tian SW. 



References 



1. Uysal KT, Wicsbrock SM, Marino MW, Hotamisligil OS (1997) Protection from 
obesity-induced insulin resistance in mice lacking TNF-alpha function. Nature 
389: 610-614. 

2. Ogden GL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, et al. (2006) 
Prevalence of overweight and obesity in the United States, 1999-2004. JAMA 
295: 1549-1555. 

3. Ogden CL, Yanovski SZ, Carroll MD, Flegal KM (2007) The epidemiology of 
obesity. Gastroenterology 132: 2087-2102. 

4. (2000) Obesity: preventing and managing the global epidemic. Report of a 
WHO consultation. World Health Organ Tech Rep Scr 894: i-xii, 1-253. 

5. Wcisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, ct al. (2003) 
Obesity is associated with macrophage accumulation in adipose tissue. J Clin 
Invest 112: 1796-1808. 

6. Nishimura S, Manabc I, Nagasaki M, Sco K, Yamashita H, et al. (2008) In vivo 
imaging in mice reveals local cell dynamics and inflammation in obese adipose 
tissue. J Clin Invest 118: 710-721. 

7. Hotamisligil GS (2006) Inflammation and metabolic disorders. Nature 444: 860— 
867. 

8. Xu H, Barnes GT, Yang Q, Tan G, Yang D, et al. (2003) Chronic inflammation 
in fat plays a crucial role in the development of obesity- related insulin resistance. 
J Clin Invest 112: 1821-1830. 

9. Schenk S, Saberi M, Olcfsky JM (2008) Insulin sensitivity: modulation by 
nutrients and inflammation. J Clin Invest 118: 2992-3002. 

10. Berg AH, Schcrcr PE (2005) Adipose tissue, inflammation, and cardiovascular 
disease. Circ Res 96: 939-949. 

11. Matsuzawa Y, Funahashi T, Nakamura T (1999) Molecular mechanism of 
metabolic syndrome X: contribution of adipocytokincs adipocytc-derived 
bioaetive substances. Ann N Y Acad Sci 892: 146-154. 

12. Kadowaki T, Yamauchi T, Kubota N, Hara K, Ueki K, et al. (2006) 
Adiponectin and adiponectin receptors in insulin resistance, diabetes, and the 
metabolic syndrome. J Clin Invest 116: 1784-1792. 

13. Zhao L, Moos MP, Grabner R, Pcdrono F, Fan J, et al. (2004) The 5- 
lipoxygenase pathway promotes pathogenesis of hyperlipidemia-depcndent 
aortic aneurysm. Nat Med 10: 966-973. 

14. Wu H, Gower RM, Wang H, Perrard XY, Ma R, et al. (2009) Functional role of 
CDllc+ monocytes in atherogenesis associated with hypercholesterolemia. 
Circulation 119: 2708-2717. 

15. Brake DK, Smith EO, Mersmann H, Smith CW, Robker RL (2006) ICAM-1 
expression in adipose tissue: effects of diet- induced obesity in mice. AmJ Physiol 
Cell Physiol 291: C1232-1239. 

16. Wu H, Perrard XD, Wang Q, Perrard JL, Polsani VR, et al. (2010) CDllc 
expression in adipose tissue and blood and its role in diet-induced obesity. 
Arterioscler Thromb Vase Biol 30: 186-192. 

17. Sumarac-Dumanovic M, Stevanovic D, Ljubic A, JorgaJ, Simic M, et al. (2009) 
Increased activity of interleukin-23/interleukin-17 proinflammatory axis in 
obese women. Int J Obes (Lond) 33: 151—156. 

18. Pini M, Fantuzzi G (2010) Enhanced production of IL-17A during zymosan- 
induced peritonitis in obese mice. J Leukoc Biol 87: 51—58. 

19. Chamilos G, Ganguly D, Lande R, Gregorio J, Meller S, et al. (2010) 
Generation of IL-23 producing dendritic cells (DCs) by airborne fungi regulates 



fungal pathogenicity via the induction of T(H)-17 responses. PLoS One 5: 
el 2955. 

20. Fransen JH, Hilbrands LB, Ruben J, Stoffels M, Adema GJ, et al. (2009) Mouse 
dendritic cells matured by ingestion of apoptotie blebs induce T cells to produce 
interleukin-17. Arthritis Rheum 60: 2304-2313. 

21. Han JW, Shimada K, Ma-Krupa W, Johnson TL, Nerem RM, et al. (2008) 
Vessel wall-embedded dendritic cells induce T-cell autoreactivity and initiate 
vascular inflammation. Circ Res 102: 546-553. 

22. Govindarajan G, Alpert MA, Tcjwani L (2008) Endocrine and metabolic effects 
of fat: cardiovascular implications. AmJ Med 121: 366—370. 

23. Munger KL, Chitnis T, Ascherio A (2009) Body size and risk of MS in two 
cohorts of US women. Neurology 73: 1543—1550. 

24. Sterry W, Strober BE, Menter A (2007) Obesity in psoriasis: the metabolic, 
clinical and therapeutic implications. Report of an interdisciplinary conference 
and review. Br J Dermatol 157: 649-655. 

25. Winer S, Paltser G, Chan Y, Tsui H, Englcman E, ct al. (2009) Obesity 
predisposes to Thl7 bias. Eur J Immunol 39: 2629-2635. 

26. Fantuzzi G (2005) Adipose tissue, adipokincs, and inflammation. J Allergy Clin 
Immunol 115: 911-919; quiz 920. 

27. Calle EE, Thun MJ, PetrclliJM, Rodriguez C, Heath CW, Jr. (1999) Body-mass 
index and mortality in a prospective cohort of U.S. adults. N Engl J Med 341: 
1097-1105. 

28. Shimazu T, Kuriyama S, Ohmori-Matsuda K, Kikuchi N, Nakaya N, et al. 
(2009) Increase in body mass index category since age 20 years and all-cause 
mortality: a prospective cohort study (the Ohsaki Study). Int J Obes (Lond) 33: 
490-496. 

29. Hubert HB, Feinleib M, McNamara PM, Castelli WP (1983) Obesity as an 
independent risk factor for cardiovascular disease: a 26-year follow-up of 
participants in the Framingham Heart Study. Circulation 67: 968-977. 

30. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, ct al. (2003) 
Prevalence of obesity, diabetes, and obesity- related health risk factors, 2001. 
JAMA 289: 76-79. 

31. De Rosa V, Procaceini C, Cali G, Pirozzi G, Fontana S, et al. (2007) A key role 
of leptin in the control of regulatory T cell proliferation. Immunity 26: 241—255. 

32. Bernotiene E, Palmer G, Talabot-Ayer D, Szalay-Quinodoz I, Aubert ML, et al. 
(2004) Delayed resolution of acute inflammation during zymosan-induced 
arthritis in lcptin-dcficicnt mice. Arthritis Res Ther 6: R256— 263. 

33. Faggioni R, Fantuzzi G, Gabay C, Moser A, Dinarello CA, et al. (1999) Leptin 
deficiency enhances sensitivity to endotoxin-induced lethality. AmJ Physiol 276: 
R136-142. 

34. Lang JE, Williams ES, Mizgerd JP, Shore SA (2008) Effect of obesity on 
pulmonary inflammation induced by acute ozone exposure: role of interleukin-6. 
AmJ Physiol Lung Cell Mol Physiol 294: L1013-1020. 

35. Pini M, Gove ME, Sennello JA, van Baal JW, Chan L, et al. (2008) Role and 
regulation of adipokincs during zymosan-induced peritoneal inflammation in 
mice. Endocrinology 149: 4080-4085. 

36. Zyromski NJ, Mathur A, Pitt HA, Lu D, Gripe JT, et al. (2008) A murine model 
of obesity implicates the adipokine milieu in the pathogenesis of severe acute 
pancreatitis. AmJ Physiol Gastrointest Liver Physiol 295: G552-558. 



PLOS ONE | www.plosone.org 



8 



March 2014 | Volume 9 | Issue 3 | e92450 



